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Q. METHOD OF AND APPARA1US FOR SYNCHRONOUS CONTROL 
O 
O 

<D BACKGROUND OF THE IN VKNTION 

s 



1 . Field of the Invention 

P 

The present invention relates to a control of a machine such as a 
machine tool., a manufacturing machine and a robot, having a plurality of 
^ operational elements, and more particularly to a synchronous control for 
CO synchronously driving the operational elements of the machine. 
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?.. Description of Related Art 

la control of a machine, such as a machine tool, a manufacturing 
C3 machine and a robot, having a plurality of operational elements, there is a case 

IH where some operational elements are required to he synchronously controlled. 

iO In such synchronous control, there is known a synchronous cuntiul method iu 
% which a leading element and a follower clement arc designated in the 

operational elements and the follower element is position-controlled based on 
position data of the leading element. This synchronous control is known as a 
synchronous control of "electronic cam 11 in which variations of positions of Qie 
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I j leading element and the follower element are repeated periodically in 

12 synchronism. The follower element is connected with a drive system 

including a drive source such as a servomotor and is position-controlled based 
on position data of die leading element. With this synchronous control, the 
follower element upeiales in synchronism with the leading element. 

FIG. 11 is a schematic diagram showing a conventional synchronous 
control system. In FIG. 1 1, a servomotor of a follower drive system 2 is 
driven based on motion commands firom a uonLruUei 6, The controller 6 
stores data on a positional relationship between a leading clement of a leading 
drive system 1 and a follower element of the follower drive system 2 moving in 
synchronism with each other, obtains position data of the follower element 
based on the stored positional relationship in synuhiunism and the position data 
of the leading clement at every predetermined period, and provides motion 
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q commands to the follower drive system 2 for diiviiig Ihe folio vver element 

o billed on the obtained position data of the follower element, to thereby 

<3> position-control the follower element. In this way, the follower element 2 is 

•O controlled in synchronism with the leading element I . 



In die conventional synclirenous controL, there may be produced a lar^c 
mechanical shock when the follower element which stands still is brought into 
synchronism with the leading element which is in motion, and therefore 
£5 velocity of the leading element has to be reduced. 

In the conventional synchronous control, for example, the follower 
element is position controlled to reduce a deviation between a present position 
of the follower element and a synchronized position when starting motion of 
the follower element. By this position control, the follower element moves lo 
the synchronized position and reaches a synchronized velocity. I lowever, an 
acceleration of the follower element when it reaches the synchronized position 
and an acceleration of the follower element required at the synchronized 
a position are much different in direction, As a result* a large mechanical shock 

'I is caused in (he diivc mechanism of the follower element. 

ry SUMMARY OF TTTfl INYRNTION 



I T An object of the present invention is to make a smooth start of a 

synchronism of a follower element with a leading element, and thereby reduce 
a mechanical shock caused in die start of the synchronism of the follower 
element. 

Tn the synchronous control method and apparatus according to the 
present invention, when a follower element is started to move to be 
synchronized with on operating leading element, motion of the follower 
element is started before the follower element reaches a start position of 
synchronism with the leading element, and brought into synchronism with the 
leading clement at die start position of synchronism, thereby the synchronism 
is started smoothly and a mechanical shock in a drive mechanism of the 
follower element is reduced. 
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Accor ding to the present invention, a positional relationship between 
# Q the leading element and the follower element in synchronism, and a start 

position for stalling the synchronism of the follower clement and the leading 
— clement is set; an acceleration control of the follower clement is performed 

-q between a motion start position preceding the start position of the synchronism 

s and the start position of the synchronism; and a position control of the follower 

^ element is performed based on position data of the leading element and the set 

^ positional relationship after the follower clement reaches the start position of 

"c7> the synchronism. 

CO FIG. 1 is a schematic block diagram showing a principle of the 

synchronous control method aeuoidkig to the present invention. In FIG. 1 , a 
follower clement 8 in a follower drive system 2 is moved to be synchronized 
It with motion of a le ading element 7 in a leading drive system 1 under control of 

is? i 

13 a controller. A memory i of a controller 3 is provided with a synchronized 

position profile y defining a profile of the position of a follower element 8 with 
respect to the position of the leading clement 7 (positional relationship between 
the follower element 8 and the leading element 7) in synchronism, and a start 
7 position P of the synchronism. Position data of the leading element 7 m 

1=4 motion is inputted to The controller 3, and the controller 3 obtains position data 

ijj ' 

of the follower element 8 corresponding to the position of the leading element 
7 based on the synchronized position profile y and the position data of the 
leading element 7, and issues a motion command based on the obtained 
position data of the follower element 8. Upon receiving the motion command, 
a servomotor 4 of the follower drive system 2 starts to drive the follower 
- - element 8. 

In the synchronous control, in the case where the leading element 7 is 
in motion and the follower element 8 stands still, the controller 3 starts a 
motion of the follower element 8 which stands still to bring the follower 
element 8 into synchronism with the moving leading element 7 . In this 
synchronization process, a start position of synchronism at which the follower 
element 8 is made in synchronism with the leading element 7 is given, and the 
follower element 8 is controlled to have the position and velocity to 
respectively coincide with the position and velocity required in synchronism 
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Q. with the leading element 7 at the start position of synchronism. 

The above synchronism is achieved by performing au accclcialiun 
^ control of the follower element from a motion start position which is set to 

precede the synchronized motion start position to the start position of 
0 synchronism. After the synchronism is achieved at The start position of 

^ synchronism, the follower element is position-controlled based on the position 

^> data of the leading element and the synchronized position profile. 

The acceleration control for synchronization may be performed 
<J) according to a linear acceleration line Tn this case, the motion srart position 

is set al a position which precedes the start position of synchronism by a 
predetermined distance, and the acceleration control of the follower clement is 
performed such that a velocity of the follower element varies linearly along a 
straight line from the motion start position to die start position of the 
synchronism. 

Alternatively, the acceleration/deceleration control may be performed 
according to a predetermined acceleration curve for synchronization. In this 
=p case. The acceleration control is performed so that the position of the follower 

element when Uic acceleration terminates coincides with the start position of 
the synchronism. 

The follower element which is moving in synchronism with the leading 
^3 element is decelerated and stopped and thereby bruughL ouL of synchronism. 

Deceleration/stop control of the follower element is performed according to a 
predetermined deceleration curve. 

A plurality of follower elemenrs may he controlled in synchronism with 
the leading element. A plurality of start positions of the synchronism are set 
respectively for the plurality of follower elements so that the follower elements 
are independently controlled in synchronism with the leading element. The 
plurality of follower elements may be a plurality of independent operational 
members, a plurality of connected operational members or axial components in 
x-axis direction, y-axis direction and z-axis direction of a single operational 
member. 

A difference between the velocity of the follower element when the 
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follower element reaches the start position of synchronism and the velocity 
CL required by the synchronized motion is made small, to thereby a mechanical 

^ shock at the start of synchronized motion can be reduced. 

Jfi 

J3 RRTHF DESCRIPTION OF THE DRAWTNTGS 

O 

o 

> FIG. 1 is a block diagram schematically showing a control system for 

^ carrying out the synchronous control method of the present invention; 
°</> 

(j) FIGS. 2a-2c are diagrams showing variation of a position of a leading 

CQ element, and variation of a position and a velocity of a follower element under 
synchronous conrrol according to first embodiment of the present invention; 

□ FIG. 3 is a flowchart of procedure and processing for the synchronous 

control according to the first embodiment; 

FTGS. 4a-4c are diagrams .showing variation of positions of the leading 
element and the follower clement uudci synchronous control according to a 
second embodiment of the present invention; 



FIG. 5 is a flowchart of procedure and processing for the synchronous 
control according to the second embodiment; 



FIG. 6a and 6b are diagrams showing variation of positions of the 
12 leading element and the follower element in deceleration/stop process 

according to the present invention; 

FIG. 7 is a flowchart of the deceleration/stop process; 

FIGS. 8a-8d are diagrams showing positional relationship between a 
plurality of follower elements; 

FIG. 9 is a block diagram showing an example of a control apparatus 
for synchronously controlling a plurality of follower elements; 

FIG. 10 is a block diagram of a numerical controller for canying out 
the synchronous control method of the present invention; and 

FIG. 1 1 is a schematic diagram of a conventional synchronous control 

system. 
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O DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Q A first embodiment of thapresent invention will be described referring 

to HGS. 1 Lo 3. In this embodiment, data on a synchronized position profile y 
defining a position of the follower clement with respect to the position of the 
leading element (positional relationship between the leading element and the 
*g follower element) in the synchronized motion, a synchronized motion start 

XI position P at which the synchronized motion is lo be started, a motion stai t 

position A which is set to precede the synchronized motion start position P by 
a predetermined distance and where the follower element is to start its motion, 
a stopping motion start position Q and a position profile p for deceleration/stop 



5 of the follower element are set and stored in the memory 5 of the controller 3 

rO as shown in FIG. 1 (Step SI). The stopping motion start position Q and the 

IU position profile p for dccclcration/stop arc data for use in controlling the 

follower element moving in synchronism with the leading element to be out of 
=£ synchronism and decelerating to be stopped. The stopping motion start 

U position Q determines a position where the follower element comes out of die 

IU synchronism along die synchronized positional profile y. The position profile 

P for deceleration/stop defines a profile of motion of the follower element in 
deceleration and a position at which the follower element is stopped. These 
data can be set to the memory 5 of the controller 3 using an input device. 

In this embodiment, a linear acceleration/deceleration line is formed 
using the motion start position A and the synchronized motion start position P 
and a linear acceleration control is performed for bringing the follower element 
into synchronism with the leading element. In the following description, the 
synchronized motion start position P, the motion start position A, and the 
stopping motion start position Q are given as the positions of the leading 
element. However, these positions can be given as positions of the follower 
element using the positional relationship defined by the synchronized position 
profile y. 

KIG, 2a shows a variation of position of the leading element in a case 
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q" where the leading element repeats a stroke motion periodically. In FIG. 2a, 
^) the motion start position and the synchronized motion start position are given 

as points A and P, respectively. Each of these points is defined by a 
jq combination of position and phase of the leading clement. However, the 
O positions of these points can be determined based on the phases of the leading 
"6 element Thus, the start position A and the synchronized motion start position 
P can he given either in term of position or in term of phase. 

The processor reads the synchronized motion start position P from the 



CO 

0) memory 5 (Step S2), and sets a synchronism flag F to "0" (Step S3). The 

synchronism flag F indicates whether or noT the follower element is controlled 
in synchronism with the leading element along the synchronized position 
profile y. In this embodiment, the synchronism flag F=0 indicates that the 
|* follower element is not controlled in synchronism with the leading element, 

J5 and the synchronism flag F=i indicates that the follower element is controlled 

in synchronism with the leading eleinenl. 

sQ If it is determined in Step S4 that the synchronism flag F is not set to 

"1" (F-O), the processor waits tor an input of a synchronization signal and 
performs control other than the synchronous control (Step S^). The 
synchronization signal functions as a trigger signal Lo sUul the synuhionuus 
control. The processor performs a synchronizing control for bringing the 
follower element into synchronism with the leading element and then a 
synchronized control when the synchronization signal is turned from OFF state 
to ON state, makes the synchronized control off when the synchronization 
signal is turned from ON state to OFF state, and does not perform the 
~- synchronous control when the synchronization signal remains OFF state. 

When it is determined that the synchronization signal has turned ON, 
the processor reads out the motion start position A from the memory 5 (Step 
S6), and obtains phase xb of the leading element from inputted present position 
data thereof (Step S7). In FIGS. 2a-2c, the motion start position A and the 
present position of the follower element are represented by phases. Data on 
the present position of the leading element can be obtained from the leading 
system 1 at every predetermined period. The processor compares the present 
position xb of the leading element with the motion start position A, and 
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^ detennines whether or not the present position xh has reached the motion start 
^ position A (Step S8). 

Q> If it is determined that the position of the leading element has reached 

tb® motion start position A, the processor starts the synchronizing process for 
O bringing the follower element into synchronism with the leading element while 
Q the leading element moves Jrom ihe motion start position A to the 

synchronized motion start position P. In the synchronizing process, the 
controller obtains the position A 7 of the follower element which corresponds to 



0 the motion start position A of the leading element and the position P' of The 

follower element which corresponds to (he synchronization start position P, so 
that Ihe velocity of the follower element varies linearly from the velocity at the 
position A' and the velocity at position P\ 

In FIG. 2b 7 a curve a is a parabola which is sharing a common tangent 
wilh ihe synuhiunizcd position profile y at the synchronized motion start 
position P' and tangent to a straight line passing through the motion start 
%q position D of ihe follower element. The intersection A' where the curve a 

£ and the line D indicating the motion start position of the follower element cross 

each other defines a point of starting the motion of the follower element. 
After the follower element starts its motion, the follower element moves along 
a part of the curve a indicated by a solid-line, and then comes into synchronism 
I* with the leading element at the synchronized motion start position P\ in the 

case where change of the phase of the leading element is crmsnmf as in rhe case 
of FIGS. 2a-2c, the phase may be deemed as lime. Thus, Ihe fullowei element 
moves from the position A' to the position P* with the velocity varying along a 
' - straight line as shown in FIG. 2c. 

In the synchronizing control from The position to the position P\ the 
position B of Ihe follower clement at the phase xb is calculated using the 
straight line as an acceleration line (Step S9). Then, a distribution pulse is 
formed based on the calculated position B to drive the servomotor (Step S10). 
By this servo control, the synchronism of the follower elemenr with The leading 
element is achieved. 

The processor monitors whether or not the phase of the leading element 
has reached the phase of the synchronized motion start position P, and repeats 
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the above-mentioned Steps S4 to S 10 until the leading element reaches the 
0- synchronized morion wan; position P (Step S 1 1 ). When the position of the 
leading element has reached the synchronized motion start position P, the 



synchronizing process is terminated. When the synchronism of the leading 
element and the follower elementis achieved, the synchronism flag b' is set to 
0 "1" (Step S12) and the synchronized control process is performed according to 
^ the synchronized position profile y . It is to be noted lhat Steps S 1 1 and 1 2 do 
not need to be performed if Steps S13 and 14 have been performed (Step S10'). 

Jf it is determined in Step S4 that the synchronism flag F is set to "1", it 



< 



<J) means that the synchronized control is being performed. Thus, Hie processor 
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determines whclLci the synchronization signal is in ON state or the 
synchronization signal has switched from ON state to OFF state (Step SI 3). 
If the synchronization signal is in ON state, the processor calculates the 
position C of the follower element (in FIG. 2b) at the present phase xc of The 
!H leading element on the synchronized position profile y (step S14). and performs 

servo control based on the calculated position C (Step 10). 

If it is determined in Step 13 that the synchronization signal has 
changed from ON sraTe to OFF state, the synchronized control is to be 
teiminaled. Thus, the processor makes the synchronized control off by 
U performing deceleration/stop process to thereby stop the follower clement 

(Step S40). 

In the case shown in FTG-. 2b, the position P* of the follower element 
corresponding to die synchronization start position P is located near a peak of 
the synchronized position profile y. However, the position P' may be located 
at any point of the synchronized position profile y. 

Second embodiment of the present invention will be described referring 
to FIGS. 1, 4 and 5. 

In the second embodiment, data on a synchronized position profile y 
defining a positional relationship between the leading element and the follower 
element in the synchronized motion, a synchronization start position P at which 
the synchronized motion is to be started, a position profile a for 
synchronization process, a stopping motion start position Q, and a position 



9 



'01 12/21 16:23 FAX 03 3502 2570 h^hMWMM * STAAS&HALSEY @012 



profile 0 for deceleration/stop are set and stored in The memory 5 of controller 
3 shown in FTG. 1 (Step S21 ). By defining the position profile a for 
^ synchronizing process so that there is only a small difference between a 
jq velocity of the follower clement on the position profile a for synchronization 
O process and a velocity of the follower element on the synchronized position 
*Q profile y at the synchronized motion start position P, a mechanical shock 
^» produced at the start of synchronized moliou can be i educed. These data can 
be set to the mcmoiy 5 of the controller 3 using an input device. 

<D In the second embodiment, acceleration/deceleration control is 

performed according to an acceleration/deceleration cui ve fui syuck animation 
process with an end thereof being set to coincide with the synchronized motion 
start position. In the following description referring to FIGS, A and 5, the 
\t synchronized motion start position P and the stopping motion start position Q 

n are given as positions of rhe leading element. However, the synchronization 

! U slarl position P and Hie slopping motion start position Q can be given as 

Iq positions of the follower element using the positional relation represented by 

the synchronized position profile y. 

Tike the case shown in FTG. 2a, FTG. 4a shows the case where a leading 
clement repeats a sUoke motion periodically/ The synchronization start 
position P is given as a point P in FIG. 4a. 

The processor of the controller 1 reads the synchronization srarr 
\* position P from the memory 5 (Step S22), and set a synchronism flag F to "(T 

(Step S23). The synchronism flag F is used in the same way as described in 
connection with Step S3 in FIG. 3 . 

If it is determined in Step S24 that the synchronism flag is set to 0, the 
processor waits for a synchronization signal inputted, and performs control 
other t hfl" the synchronous control. The processor performs the 
synchronization control and the synchronized control when the synchronization 
signal is in ON state, terminates the synchronized control when the 
synchronization signal has switched from ON state to OFF state, and does not 
perform die synchronous control when the synchronization signal remains OFF 
state (Step S25). 
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O When it is determined that the synchronization signal has turned into 

O ON state, the processor reads the position profile a for synchronization control 

<D from the ineuiuiy 5 (Step S26) and calculates a motion start position A 9 at 

„0 which the synchronization process of the follower element is to be started 

J2 based on the position profile a (Step S27). The position profile a for 

0 synchronization defines as an acceleration/deceleration curve of die motion of 

^ the follower element from the motion start position A' to a synchronized 

-i— motion start position P' . 

to 

J9£ The present position xb of the leading element is obtained from 

inputted present position data thereof (Step S28). In FIG.4, the synchronized 
motion start position P and the present position xb of the leading element are 
represented by phase. Data on the position of the leading clement can be 
inputted from the leading drive system 1 at every predetermined period. The 
q processor compares the phase xb of the leading element and the phase of the 

motion start position A\ and determines whether or not Lhe phase of leading 
element has reached the phase of the motion start position A* (Step S29), 

When the phase xb of the leading element has reached the phase of the 
motion start position A% the processor performs the synchronization control 
according to the position profile u for synchronization lo thereby make the 
follower element move from the motion start position A 5 to the 
synchronization start position P\ In the synchronization control, the position 
B of the follower element at the phase xb on the position profile a for 
synchronization is calculated (Step S30). Then, disrrihurion pulses are formed 
based on lhe calculated position B lo drive the sci vomoLui (Step S3 1). By 
' * this servo control, the synchronism of the follower element with the leading 
element is achieved. 

The processor monitors whether or not the position xb of the leading 
element has reached the synchronized motion start position P, and repeats the 
abovementioned Steps S24 to S3 1 until the position xb of the leading element 
reaches the synchronized motion start position P (Step S32). The time when 
the position xb of the leading element has reached the synchronization start 
position P is the time when the synchronization adjustment should end. After 
that, the synchronization flag is set to 1 and synchronous control is performed 
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according to the synchronised position profile y (Step S33). 

O 

Q If it is determined in Step S24 that the synchronism flag F is set to " 1 9 \ 

it means that the synchronized control is being performed. Thus, the 
processor determines whether the synchronization signal is in ON state or the 
jQ synchronization signal has switched from ON state to OFF state (Step S34). 

If the synchronization signal is in ON state, the processor calculates Lhe 
position C of the follower clement (in FIG. 4b) at the present phase xc of the 
leading element on the synchronized position profile y (Step S3 5), and 
-i>— performs servo control based on the calculated position C (Step 3 1). It is to 

d) be noted that Steps S32 and 33 do nut need Lo be perfoiiued if Slops S34 and 

35 have been performed (Step S3T)- 

If it is deter mine d in Step 34 that the synchronization signal has 
b changed from ON state to OFF state, the synchronized control is to he 

li terminated. Thus, die processor makes the synclnunizcd uuntiul ulTby 

5 It 

j-j performing deceleration/stop process to thereby stop the follower element 

£ (Step S40). 

» E In the case shown in FIG. 4b, the posirinn P' of The follower elemenr 

U corresponding to lhe synchronized inolion start position P is located at (he peak 

f U of the synchronized position profile y. However, the position P' may be 

j jj located at any point of the synchronized position profile y. Further, in the 

h case shown in FIG. 4b, the motion start position A' of the follower element is 

1 * located on a base position (zero position). However, the position A' may be 

set at any position where the follower element does not interfere with the 
leading element or other follower dements. FIG. 4c shows the case where the 
motion start position A'* of the follower element is set off the base position. 
The position profile a* for synchronization process for this case can be defined 
by modifying the position profile a with the position A' located on the base 
position. The synchronization control and synchronized control using the 
position profile a' for synchronization process can be performed in the same 
way as in the case of FIG. 4b. 

The deceleration/stop process in Step S40 will be described referring to 
FIGS. 6 and 7. 
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The processor of the controller 3 reads the position profile P for 
p deceleration/stop and the stopping motion starting position Q from the memory 

O 5 (Step S41). The stopping motion start position Q is given in the term of 

o 

phase of the leading clement. The present phase xc of the leading element is 
obtained (Step S42), and if the phase xc has not reached the stopping motion 
start position Q, a servo control is performed according to the synchronized 
~ position profile y until the phase x reaches lhe slopping motion stalling pusiliun 

§ 0. The servo control is performed as in Steps S14, 10 and Steps S35, 3 1 

described above. Specifically, the position of the follower element 
■£75 corresponding to the phase xc of the leading element on the synchronized 

5) position profile y is calculated, and distribution pulses are formed on the basis 

00 of the calculated position and issued to the servo system (Steps S43, 44, 45). 

H When the phase xc reaches the stopping motion start position Q (Step 

}3 S43), the follower element is decelerated to be sTopped according to the 

f U posilion profile P for deceleration/slop. Specifically, the phase xc of the 

leading element is obtained (Step S46), the position D of the follower element 

=C at the phase xs is calculated on the position profile p for deceleration/stop (Step 

= P S47), and distribution pulses are formed based on the calculated position D and 

u given to the servo system of The follower element (Step S48). 

In the synchronous control and device according to the present 
invention, there may be provided a plurality of follower elements. For 
{f example, a three follower elements are provided for motions in three axial 

directions. Such arrangement will be described referring to FIGS. 8 and 9. 

FIG. 8a shows that a leading element performs a stoke motion 
" periodically, and FIG, 8b shows variations of position of three follower 
elements (first, second and third follower elements) in synchronism with the 
leading element. Synchronized position profiles yl , y2 and y3 for the first, 
second and third follower elements are provided, respectively. The first, 
second and third follower elements move according to the position profiles yl, 
y2, y3, respectively, in synchronism with the motion of the leading element. 
The phases of the first, second and third follower elements may he displaced to 
be different or independent from each other. Fur example, Hie phases may be 
set such that the positions of the first, second and third follower elements 
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corresponding to the position U of the leading element are VI, V2 and V3, 
respectively. The .synchronized position profiles yl, y2, y3 may be set 
different or the same. 
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The first, second and third follower elements may be three separate 
members or three components of arsingle follower member. 

The control of the plurality of follower elements selectively applying 
<C the synchronous control on any of the follower elements can be performed, for 
"c/S example, with an arrangement shown in b'LG. 9. In HG. 9, a leading 
CD controller includes a leading control section 10a, an acceleration/deceleration 
control section 10c, a digital servo circuit lOd and a servomotor lOe. The 
acceleration/deceleration control section 10c receives distribution signals from 
a leading distribution signal processing section 1 Ob in the leading control 
section 10a to thereby drive the servomotor lOe for driving the leading 
element. 

The follower system includes first, second and third follower 
distribution signal processing sections 21b, 22b, 23 b, acceleration/deceleration 
control sections 21c, 22c, ?3c, digital servo circuits 71 d, 77d, 73d, and 
servomotors 21e, 22e, 23e. The first, second and Qiird follower distribution 
[U signal processing sections 21b, 22b. 23b receive distribution signals from the 

leading distribution signal processing section 10b, and produce distribution 
signals for respective follower elements to issue them to the respective 
acceleration/deceleration sections 71c, 77c, 73c. 

The synchronous control of the first, second, third elements can be 
selectively applied by a switching device provided between the leading 
distribution signal processing section 10b and the first, second and third 
follower distribution signal processing sections 21 h, 22b. 23h. The swirching 
is performed by ON or Off state of the synchronization signal. 

Although FIGS. 8 and 9 shows an example in which three follower 
elements are provided, the number of follower elements is not restricted so that 
any number of follower elements may be provided. 

The synchronous control method according to the present invention can 
be carried out using a numerical controller, FIG. 1 0 is a block diagram of a 
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numerical controller 100 for carrying out the synchronous control method 
according to the present invention A CPU 11 is a processor for controlling 
Ihc entire numerical controller 100. The CPU 1 1 reads a system program 
q stored in a ROM 12 through a bus 20 and controls the entire numerical 

controller according to the system program- A RAM 13 stores temporary 
calculation d ata, display data and data of various kinds which an operator 
inputs through a CRT/MDI unit 70. A CMOS memory 14 is a non-volatile 
memory which is backed up with a battery (not shown) so that what is stored 
^ therein may be maintaine d even when power supplied to the numerical 



controller 100 is turned off. The CMOS memory 14 stores machining 
programs taken in through an interface 15, machining programs inputted with 
die CRT/MDI unit 70, etc. In the ROM 12 arc written in advance a variety of 
u system programs for executing cdit-modc processing, which is needed for 

\ 3 making and editing ma chining programs, and processing tor automatic 

5 : 

iy operation 

*S The program for synchronous control according to the present 

s p invention can be written in the ROM 12, etc. Data such as the position profile 

sf * a for synchronization process, the position profile P tor deceleration/stop, the 

U synchronized position profile y, the synchronized morion start position P, the 

!H motion start position A, the stopping inolion start position Q, etc. can be 

inputted through the interface 15 or the CRT/MDI unit 70 and stored in the 
CMOS 14. 

The interface 15 enahles connection of the numerical controller 100 
with an external device 72 such as an adaptor. From the external device 72, 
- - machining programs and the parameters a, 0, y, T, A, Q 3 etc. for the 
synchronous control are taken in. Machining programs edited in the 
numerical controller 100 can be stored in an external storage device through 
the external device 72. A PC (programmable controller) 1 6 sends signals to a 
peripheral device of a machine tool (foi example, an actuatoi such as a robot 
hand for changing tools) through an I/O unit 17 to thereby control the 
peripheral device, according to a sequence program stored in the numerical 
controller 1 00. Also, the PC 1 6 receives signals from various switches on an 
upeialion panel attached to a body uf llic machine tool and sends them to (lie 
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CPU J I after effecting necessary processing on the signals The signals from 
O the machine can be used as the synchronization signal in the present invention. 

<3) The CRT/MDI unit 70 is a manual data input device including a display, 

-Q a keyboard, etc. An interface 1 8 receives commands and data from the 

2 keyboard of The CRT/TVTDT unit 70-and sends them to the CPU 11. An 
£J interface 19 is connected with a manual pulse generaloi 71 to icccive pulses 

therefrom. The manual pulse generator 71 may be provided at the operation 
"^5 panel. The respective axes are controlled with distribution pulses formed by 

O manual operation of the manual pulse generator 7 1 , so mat the tool may be 

placed in position accurately . 

Each of axis control circuits 30 to 33 for each axis receives motion 
commands for each axis from the CPU 1 1 and sends commands to the 
P associated one of the servo amplifiers 40 to 43. Upon receiving the 

in commands, the servo amplifiers 40 to 43 drive seivomotuis 50 to 53 of 

tU associated axes, respectively. Each of the servomotors 50 to 53 includes a 

position/speed detector, and feed position/speed feedback signals from the 
position/speed detector are fed back to the associated one of axis control 
circuits 30 to 33 to perform posirion/speed feedback control. In FTCt. 10, the 
position/speed feedbacks are not illustrated. 

The leading and follower control systems may be constituted by the 
(3 axis control circuits 30-33, servo amplifiers 40-43 and servomotors 50-53. 

Any of the control systems may he designated to the leading system and the 
follower system by setting. 

A spindle control circuit 60 receives a spindle rotation command and 
sends a spindle speed signal to a spindle amplifier 6 1 . Upon receiving the 
spindle speed signal, the spindle amplifier 61 makes a spindle motor 62 rotate 
at the rotation speed specified by die command. A position coder 63 sends 
feedback pulses to the spindle control circuit 60 representing the velocity of the 
spindle motor 62 for velocity control. It is to be noted that the spindle control 
can be performed independently of the synchronous control of the present 
invention. 

The CPU 11 performs the synchronous control upon receiving a 
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^ synchronization signal from the CRT/MDI unit 70 and/or the machine, 

O according to a synchronous control program stored in the ROM 12 using the 

o 

parameters stored in the CMOS 14. 

— As described above, according to the present invention, the 

synchronized motion of the follower element with the leading element can be 
^= started smoothly, and a mechanical shock which may be produced in die drive 

5 system for the follower element can be reduced. 



